Abstract: Despite the fact that a lot of methods have been developed for rapid virus detection, classic cell culture is still "the golden standard". The range of viruses that can be isolated and cultured in cell line systems is often limited by the susceptibility of cells to support viral replication. Since the primary cell culture, the best cellular system available to support replication of a large number of viruses, is very expensive and difficult to obtain, cell lines, which are easier to manipulate, are commonly used for virus growth and isolation. In two previous papers we described the TV cell line initiated by our team from a laryngeal tumor, which harbors human papillomavirus (HPV) gene sequences. In this paper we analyze its capacity to support virus replication. Depending on the virus, different cytopathic effects were produced. Comparison of viral effect observed on this cell line with the effect obtained on other cell lines has been performed. This cell line might be used in the clinical virology laboratory for virus isolation.
Introduction
Specific advantages in making a virologic diagnosis of an infectious disease are very important, not only for the individual patient but also for the community. If a specific viral identification is made, the patient can be treated using specific antiviral therapy if it is available for that virus and, at the community level, can help in the early recognition of illnesses in subsequent patients and rapid institution of preventive measures.
Viruses are obligate parasites that are metabolically inert when outside of their hosts. Therefore, it is necessary to use cell cultures for multiplying and isolating the viruses from clinical material. A number of different types of cells are used in routine tissue culture: primary cells, which are directly explanted from animal tissue and have a short cell life; diploid cells which have a normal diploid karyotype and can last from 5-50 cell passages, and heteroploid cells which are cancer cells and can last in vitro indefinitely. From these three systems that are used for studying effects of interaction between the virus and its host cell, the primary cell culture is the best cellular system available due to its capacity to support the replication of a wide range of viruses. Yet, they are very expensive and difficult to obtain. Instead, cell lines are accessible, but the viral types that can replicate in these systems are often limited.
Although many cell lines are constantly initiated, their potential must be critically evaluated. There are a lot of factors, very important in evaluation and selection of new cell lines: requirement for certain unique characteristics, cell culture conditions, and increased ability to proliferate in vitro. A new cell line must be able to propagate with good growth potential for at least 15-20 passages beyond the level of seed culture passage, while retaining their special characteristics.
In two previous papers we described the TV cell line derived from a laryngeal tumor that harbors human papillomavirus (HPV) gene sequences throughout more than 80 in vitro passages [1, 2] . TV is an adherent cell line that grows on substrate and, after passing the crisis interval, shows a high proliferation rate, i.e., 99.95 % CD71 positive cells [2] . This cell culture is quite heterogeneous in cell morphology and its precise characterization is essential for in-depth studies of specific signaling factors associated with growth, differentiation, cell-to-cell communication, transformation, etc. In this paper we analyze virus susceptibility of TV cells that can sustain special characteristics of this cell line in order to support isolation and growth of common viruses.
Statistical methods and experimental procedures

Cells
Monolayer of TV cells, B95a (ECACC no. 85011419), HeLa (ECACC no. 93021013), and human diploid embryonic fibroblast cells (HDF) were grown in conventional cell culture tubes. TV cell line was obtained from human laryngeal tissue and culture conditions have been described elsewhere [1] . Briefly, the cells were grown in DMEM (Sigma) supplemented with 10 % fetal calf serum (Sigma) at 37
• C, 5 % CO2, and in a humidified atmosphere. The human embryonic fibroblast diploid cells were made in-house from fetal tissue; cells were used between the 9th and the 15th passages.
Viruses
The following viruses were used for tests: human herpes simplex type I (VR no.3 strain) and type II (Rapp strain), varicella zoster virus, Edmonston strain of measles virus, coxsackie virus B4, poliovirus, ECHO 30, parainfluenza virus 3, and respiratory sincitial virus from reference collection of "Stefan S. Nicolau" Institute of Virology.
Virus susceptibility tests
To test the capacity of cell lines to support viral replication, 0. 
Results
Quantification of cytopathic effects
In our studies we used the TV cell line at passage 60-65, in exponential growth, based on studies on dynamics of receptor expression at membrane level during growth and cellular differentiation that revealed that cells from exponential growth bind 10-fold more viruses comparative to cell in a quiescent growth stage [3] . Cell lines were microscopically screened during build up and production of viral cytopathic effect with adequate cell morphology. Cultures were observed 1 week for HSV, and 3 weeks for all other viruses. Depending on the virus, different cytopathic effects were observed. Our tests included different reference viruses and tried to characterize the spectrum of viruses that can be replicated in this cell system. (Table 1) . Remarkably, the observation that TV cell line is very susceptible to herpes virus infection producing a viral titer of 1 × 10 6,5 ml −1 almost similarly or a little higher than HDF and HeLa cell lines at the same DI 43 , titer was 10-fold smaller. Unexpectedly, human embryonic fibroblast was less susceptible to echovirus type 30 infections compared with the TV cell line. Susceptibility of TV line to measles virus was similar to B95a susceptibility. B95a cell line, an Epstein-Barr virus-transformed marmoset B-lymphoblastoid cell line, is the cell line preferred for measles isolation, because it is 10,000-fold more sensitive to measles virus present in clinical specimens than are Vero cells [4] . Cytopathic effects induced by measles were observed in TV 48-72 h later than in the B95a line, but this might be a consequence of non-adapted measles virus on TV cells. Despite the fact that TV cell line had been derived from a laryngeal tumor, morphological changes observed in the presence of parainfluenza and respiratory syncytial viruses were not typical, and therefore we avoid concluding that these modifications are induced by viral replication.
Morphologic examination of cytopathic effects
Morphological identification of viral effects was performed by propidium iodide (PI) or haematoxylin-eosin (HE) staining that better evidenced the nature and location of the modifications induced by virus. The observation of virus replication in cultured cells was dependent upon the recognition of a specific morphological change to each kind of virus. Visible effects of viral infection were: swelling or shrinkage of the cells, formation of multinucleated giant cells (syncytia), presence of inclusions, and/or cell lysis. In later stages of infection many viruses induce apoptosis, an important final step that may be important in spreading new viral particles. Cells infected with adenovirus have high affinity for haematoxylin (Fig. 1) . Infected cells become rounded and the cell monolayer disintegrates. Dark basophilic inclusions within the nuclei represent accumulated viral proteins at the site of virus assembly.
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Fig. 1 Cellular modification induced by adenovirus on TV cell. (HE staining: (A) HE×200, (B) HE×400).
The smallpox virus (vaccinia) and the paramyxovirus (measles) induced syncytia. The appearance of multinucleated cells is due to fusion proteins from the viral envelope and from the surface of the virus infected cells during replication of the virus. Cells that express fusion proteins on their membranes collide with uninfected neighboring cells and act effectively as a giant envelope virus that can fuse with the uninfected host cell. Very large syncytia were formed during replication of measles virus in TV culture (Fig.  2) . Limits between cells were diffused, and nuclei tended to migrate into the center of syncytium.
Fusion quantifications were performed by determining the syncytization index (SI). Infected cells, with high percent of fusion had SI greater than 1. SI was greater for TV Plaques of rounded cells were typical for infection with HSV-1 (Fig. 3) . The nuclei become distorted and contain eosinophilic inclusions.
Formation of "giant cells" (Fig. 4) and multinucleate syncytia was most common with HSV type 2.
Viral infection, a dynamic cellular process, establishes temporal interactions between viral and cellular proteins with effects on both. Induction of apoptosis in infected cells, before the viral replication cycle ends, is an important defense mechanism of the host that can limit the number of progenitors and spread of infection. It has been demonstrated that some virally infected cells undergo apoptosis, based on morphological criteria including nuclear condensation and DNA fragmentation. Enteroviruses (poliovirus, Fig.  5A ; echovirus, Fig. 5B ; Coxsackie virus B4, Fig. 5C ) produced drastic modifications to infected cells, causing complete lysis (Fig. 5 ).
Discussion
Each new cell line should be evaluated in light of its own particular characteristics. Therefore, using standard methods, we analyzed the adequacy of using TV cell line to support isolation and growth of different viruses. TV cell line was susceptible to the majority of tested viruses: herpes virus, echovirus type 30, measles virus, poliovirus, Coxsackie virus, and adenovirus.
Susceptibility of the TV line to measles virus was similar to B95a, but more obvious. The B95a cell line, an Epstein-Barr virus-transformed marmoset B-lymphoblastoid cell line, is the cell line preferred for measles isolation, because it is 10,000-fold more sensitive to measles virus present in clinical specimens than are Vero cells [4] . Cytopathic effects produced by measles were observed 48-72 h later in TV than in the B95a line, but this Edmonston strain of measles virus was isolated several decades ago [5] . At the time, the most frequently used cells for isolating measles from patients were Vero cells (African green monkey kidney). Whereas wild-type measles virus circulating in nature did not grow efficiently in Vero cells, the Edmonston strain has adapted and grows well in them [6] . Therefore, Vero cell-adapted viruses should have been selected from minor populations of quasispecies in patients, which are not fully pathogenic for monkeys and perhaps for humans. Isolates in B95a cell line (a marmoset B-cell line) retain full pathogenicity in monkeys, producing clinical signs and a similar histopathology to that observed in humans [4] . Measles-susceptible TV was similar to B95a but has the advantage of being a real adherent cell line on which the cytopathic effect is much clearer. TV line, a human carcinoma cell line, might replace Vero and B95a cells as a viral diagnostic. Virus pathogenic potential maintenance remains to be evaluated since Edmonston strain is no longer pathogenic in monkey models, possibly due to numerous rounds of passages in non-lymphoid cell lines [6, 7] .
Classical cell cultures remain "the golden standard" for virus detection despite the fact that more rapid methods are also available. There are many reasons for using conventional cell culture techniques. First, it detects appreciably more isolates of enterovirus and adenovirus, including those which the monoclonal antibodies used in different studies do not react [8] . Second, it is a prerequisite for the serotyping of the detected isolates. A rapid technique is based on inoculation onto cell monolayers in flat-bottom tubes by centrifugation and immunofluorescence staining with genus-specific monoclonal antibodies (MAb). The rapid technique enables the early detection of all viruses. Negative results yielded by rapid culture techniques could be explained by the presence of low titers of virus in large percentage of clinical sample, which induced adequate growth in the culture used for the conventional culture procedure, but failed to produce a sufficient amount of MAb-reactive antigen in the culture used for the rapid culture procedure [8] .
Other researchers have shown that although shell vial techniques displayed slightly reduced sensitivity and reduced specificity compared with conventional cell culture after 14 days, the markedly superior 48-h enterovirus detection rate supports incorporation of this assay into the routine clinical setting [9] . However, standard methods or rapid shell vial techniques are limited by the receptiveness of cells to support viral replication. To initiate replication and infection, viruses and obligate intracellular parasites must enter the target cell. Cell cultures are selected in accordance with clinical sample and suspected viruses, knowing that an important factor in variability of virus infectivity is the dynamics of receptor expression at the cellular membrane.
The standard method for the detection of viruses in environmental samples involving cell culture assay is expensive and time-consuming. Another alternative method for the detection of viruses in environmental samples, PCR [11] , permits the detection of the small numbers of target DNAs and RNAs usually found in environmental samples in real time and with increased sensitivity. However, one cannot distinguish between amplification of infectious and non-infectious viral sequences. Furthermore, direct PCR is limited by small reaction volumes [12] . Typical PCR sample volumes are 10-50 µl; however, typical water sample concentrates are 20-30 ml, which can easily be accommodated by cell culture. The use of a combined cell culture-PCR technique utilizes the major advantages of the separate methodologies while overcoming many of their disadvantages [11] . The integrated cell culture-PCR technique involves inoculation of the sample onto cell monolayers, which are then incubated for a minimum of 24 h; this must be followed by RT-PCR analysis of the cell culture lysate. Cell cultures must be permissive for suspected viruses presenting receptors or specific surface molecules that bind the viral particle. The receptivity of cell surfaces is obviously based on more complex mechanisms that also play an important role in assembling new infecting units. Amplification of virus sequences in a cell culture followed by detection by reverse transcription-PCR (RT-PCR) is useful [? ] , especially for the viruses (e.g., enteric viruses) that replicate into cells without producing an apparent cythopatic effect.
The advantage of using particular cell cultures that show specific aspect of cytopathic effects consists in the opportunity to point toward some viruses, narrowing the wide range of possibilities and tests that must be done for a precise identification.
